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Abstract, of the Disclosure* 20*J*2UJ-^ 

Lipid membrane structures for oral Jidmi n i st rat i on t ;» 
phosph«uidy lser ine, a mormon derivati ve or a manno^e dorivrttive as 
ingredient of the membrane. In particular, the lipid mam. 1 * ram* 
structures contain a drag therein, the drug being surrounded with t he 
membrane. It is in the form of liposomes, emulsions or micelles .md 
capable of efficiently delivering a drug contained therein to Peye-'s 
patches in the small intestines. Therefore, the lipid membrane 
structures of the present invention are excellent as oral dosage lipid 
membrane structures. 
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Spue i f teat ion 

Title of the Invention 

Lipid Membrane Structures for Oral Administration 

Background of tJie Invention 

The present invention relates to lipid membrane structu.es 
capable of efficiently reaching Payer's patches in a digestive tract 
after oral administration. The lipid membrane structures prepared by 
the present invention are capable of efficiently delivering a drug 
contained therein to Payer's patches in a digestive tract. 

Recently intensive investigations are made on a drug delivery 
system ,DDS) for the purpose of improving the effect, safety and usage 
or a drug, dds is classified to . contral-release type (the first 
generation DOS, and a targeting contral type (the second generation 
DDS) in the scientific field. 

As for the drugs for oral administration, the investigations 
have been made heretofore on mainly DDS of the former type (control- 
release type, but the DDS of the latter type (targeting type) ha. 
been scarcely investigated. The Payer's patch in a digestive tract 
is - protrusion in a mucous membrane of the small intestine and it is 
-n aggregate of limph follicles, it is also a tissue recently 
attracting attention in this technical field and investigations are 
*ade for the purpose of elucidating the immunological roles thereof. 
lnv estigations are made Qn ^ of ^ ^ ^ 

through dyer's patches (Clinical Experimental Immunology, vol. 76, p. 
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144 M989)| and uptnko of a drug enclosed in a biode.,r.id..l, l« po|y„, 0r 
through payer's patches (European Patent Application No. ■ «7 lOUBfc.oi . 
However, according to these conventional techniques, it is impossible 
for a drug to be selectively taken up through Peyer's patches in a 
digestive tract after oral administration. 

Investigations were made also on the use of liposomes for an 
oral drug. Namely, investigations were made on encapsulating, in 
liposomes, a high-molecular drug such as insulin fBiochimica et 
Biophysica Acta, Vol. 716, p. 188 {1982)1, blood coagulation factor 
VIII [ Lancet, i, p. 7C (19801) or heparin (Chemical and 
Pharmaceutical Bulletin, Vol. 30. p. 2245 (1982) J; a hardly water- 
soluble drug such as vitamin K, [Journal of Pharmacy and Pharmacology, 
vol. 36, p. 527 (1984;) or griseofulvin (Journal of Pharmaceutical 
sciences, Vol. 73, p. 757, (1984))? or a Streptococcus cell wall 
antigen (Immunology, vol. 54, p. 189(1985)) (for the purpose of 
production of igA antibody). However, an idea of modifying the 
liposomal membrane with an additive so as to impart a selectivity 
toward Peyer-s patches in the digestive tract has never been reported. 

Further, as for the liposomes used as an injection, it was 
reported that when the membrane thereof was modified with 
phosphatidylserine (Cancer Research, Vol. 40, p. 4460 (1980)). 
alveolar macrophages were activated to improve the antitumor effect 
after intravenous injection and that when it was modified with a 
mannose derivative {Biochimica et Biophysica Acta, Vol. 632, p. 562 
(1980)J or a mannan derivative ("Byotai Seiri", Vol. 6. p. 771 
f 1985) ), the liposomes were distributed to the liver and the lung. 
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Thus the .ff.ci.ni delivery of rt Jru<J lo p^,.. | , <|t( , |t;s ^ ^ 

«l»9..uv. tract after oral administrate „„. „ru yet ,.„.,.,„ 

the prior art. 



Summary of the Invention 

A primary object of the present invention is to provuto n pid 
membrane structures capable of efficiently delivery a Uru, therein 
to Payer -s patches in a digestive tract after oral administration. 

This and other objects of the present invention will be 
apparent from the following description and examples. 

The present invention has been completed on the basis of a 
finding that the above-described objects can be attained by using at 
least one of phosphatidyl.erines. manno.e derivatives and mannan 
derivatives as a component of a membrane of Ji pid membrane structures. 

Brief Description of the Drawings 

^9. i shows the resets of the distribution of PS-liposo»es 
of the present invention and SA-liposomes to Peyer's patches. 

Fig. 2 shows the effect of the amount of PS content of M - 
liposomes of the present invention on the distribution to Peyer's 
patches. 

Fig. 3 shows changes of the distribution of PS-Jiposome. 0 £ 
the present invention to Payer's patches with time after 
administration of the test dispersion. 

Fig. 4 shows the specificity of P3-li P osomes of the present 
invention for the portions of the intestinal tract in the distribution 
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u> Poyttr'K p it t hrts and non-l'eyer ' s patches. 

Kni. 5 shows an improvement of the d j m r i but. ion of |. :; . 
liposomes or the pronont invention to Peyer's patches by modifying ,,. 
with mannan dorivativos. 

Fig. 6 shows an improvement of the distribution of |> S - 
Jiposome* of the present invention to Peyer's patches by modifying 
with mannan derivatives. 

The abbreviations in the above brief description are referred 
in Example hereinafter. 



Description of the Preferred Embodiments 

The lipid membrane structures of the present invention 
indicate lipid particles having such membrane structures wherein 
polar head groups of amphiphUic lipids are arranged at the interface 
toward an aqueous phase. Examples of the lipid membrane structures 
include liposomes, emulsions and water-soluble micelles. The lipid 
membrane structures are characteriied in that phoephatidylserinei. 
and/or mannose derivatives and/or mannan derivatives are incorporated 
therein as a component of the membrane so that the lipid membrane 
structures can be efficiently distributed to Peyer's patches in a 
digestive tract after oral administration. 

The phosphatidylserines used in the present invention include 
natural soybean or egg-yolk phosphatidyl serine , hydrogenated 
phosphatidylserine obtained by hydrogenation of the natural soybean 
or egg-yolk phosphatidylserine and semi-synthetic dimyristoyl 
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' "•"'»■»• JWMl.i.O,, ,*.,»„„.,„„,,„„ „ ^ ijy| 

Ph„.p, 4l . dr) ,. fin .. »..„, ,„„„. pr .,. rf . „,„„„,„„ 

l*o.ph«idyl.. rill .. d.pai.uoyi pho.p^u,.,...,..^ ^ 

phosphatidyl tier mo. 

The mannos* derivatives use.) in the present invent ., on .nc.u,., 
pho. P h.tidy,otha„oU. in . derivative, having a manno s « fuS|Juw 
luiochimica .t Hiophy.ica Acta. vo,. 632. p. 562 „980„. chol*.u,„„ 
derivatives having a manno.e reside .Proceeding of Nation,, AMd#JfJlic 
Sciences U.S.A. Vol. 77. p. „, 0 ,„„„, dim.nno.yl diglyceride 
fBiochemical and Biophysical Research Communications, Vol. 110, p. 
J«° UM»|. mannobiose fatty acid ..ter. and amide, (preferably, 
fatty acid residue having ,, to 30 carbon .tom.Mj.pan.se Patent 
Unexamined Published Application (hereinafter referredto a. -J... 
WKAI -) No. Hex 1-1040881, phosphatidyl manno.e, etc. 

The mannan derivatives in the present invention include, for 
example, mannan (a polysaccharide, partially substituted with a fatty 
acid or cholesterol (preferably, fatty acid residue having „ to 30 
carbon atoms)! "Byotai Seiri*. Vol. 6, p. 771 (1985)). 

These additives used as a ccmponent of the membrane .re used 
«th.r singly or in the form of a mixture of them and they usually 
can be incorporated into the membrane of the lipid membrane structures 
-inly compr i-lng Jecit hin (i.e., phosphatidylcholine, or the to 
modify the membrane of the lipid membrane structures. Alternatively 
they can singly for. the ii pid membrane structures. Namely, the 
phosphatidyl^, per se can form liposomes or emulsions, and 
«-nnose de clV a tives 8Ucn a8 mannQbl08e ^ ^ ^ ^ ^ 
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...» ,.,„.,„„« , lr .,„.„... ^ 

""' tr " 1 —i "» 

" l ' V "' " <~ - , 

~ b '"- 6l ' UC "" r " " "° l « «• <» M. — t „ 

"""""" °' l - — <™ „„,„ 

of them used is 5 to 5C I. 

«. *r-,. e.. contend 1B ... llpjd 

"ructure. of th . pr ..,„ t inVMtlon ^ d ^ jn9 ^ ^ ^ u( ^ 

.nc.p. Ul „., lB t „, .^.^ ^ uBitM ^ 

t«.-. hi,„-„ 01 . cul . r CMpound . jucn <§ in>uun 

PC.ecO.rid.... ..t.r-.. lubl . „,„,. . ueh ^ tmuaiaUntlMon ^ 

~ u p pr ....„ t ., . M ( . t .. olubi . dru)> ^ ^ ^ 

contend in the „ uUio „„ lnciM , (it . to)ubi< ^ thoM ^ 

«. » contend u. „ ie .„.. lncludo ft , rJly Mter .. olubu ^ 

They can be kept in th« n n u l. ' 
P the lipid BtructUf08 prepare<j by q 

processes which are described below. 

The description win be made on processes for „ 

processes for preparing the 

iipid membrane structure* «r 

. , CtUrea ° f the P""»t invention containing 

denv.tivee added thereto. 

»» Process for preparing lipo.one* 

- dUp.re.on „ t , ltMn lm p ,. p . r . d 

C ~ t * " UCh " « end addUWe,., 

«... P^.Ud^.n.. .„d /or _ ^ 
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~ - »««.. ..,.«-,..,.,„,. ,,,,.,..„ 

.«.,„-,„.. or 4 „ uo „ dant . , urt M # 

"> Prom, p,„p, r ,„, TO „ 10n . 

••pluphiJic substances «uch as l.rirhi... 

as Ucithm. or polyo.y.thy Jene sorbUan 
Mtty acid esters (Tween's). additive(.» i . u . 

1Ve( "'' ,,e « Phosphatidyl serine. 

and/or mannose derivative 

M * nd/0f * anMn ^^vativea. and oi, such a. 
soybean oil b y a kno l.ion-p r .p« ratlon 

c) Process tor preparing »i ce jj e . 

„ ur(act .„ t . (tQ ^ ^ to ^ ^ 
co„c.„ tr . tlo „ not t „ 4n ^ cruicai co;)c>ntriUon ^ 

or». tJO „, . uch .. po]yoxmhyl „„. mtitn 

(Tween's), sodium salt of fattv ,, ( . 

of fatty ., C1 d or pr.lyo«y.thyl.n. hydrogene-ed 
castor oil and additive,.) * - °9«™-ed 
d# . f . *.-. Poaphatidyiserine, and/or manno.e 

derivatives and/or mannan derivatives U a k™. . 
process. e B by * known "Heel le-preparation 



The ~« « — of t ha pre.ent invention are 

aPaMe ° f 6ffiCient,y * contained the rein to Payer'. 

rr oraj admini8trati ° : " The — — - - 

of ly mP h ancles in the -uc.a ffieB brane of the s„all . t 
^ is one of tissues CQ 106 * Bd 

sues C °'"' erned -*th absorption of druys X „ 

PartlCU,af ' U " * — — — - absorption 
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- t „ llo „ ) . " • 

invention *r» Ulv I" »•«■'•'. 

— fgr dfu ,. wMeh ^ we — 

by conv . ntionaJ techmquM 

^ f ° 1IO - in « «—Pl- — T..t lM . p|# . 

illu.trate th. n,. will further 

P-tche. are . UmBarll0d ^ 90 l ° lta 

4, ° 4 and Cont '°l CM-pJe. J and 

Li Pid8 in « molar ratio given b.!„ 

yiven below were Dlac»<l u . . 
neck fla»k in a totjl . _ P,aC * d in • 

totaj amount of 50 „ mol , They 

....... ........ „,. ... , :t:t ~ 

Phenoj red which ,0 • <,/mJ of 
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10 



15 



20 



23 



inner .<,u«, OU . p.... mtkmr 

<iiH(M>rif iori through a col w „ 0 , ^ d " '"^ 

•i«tl«» buffer, tru- hydf0chj0f|c ^.^^ _ j 

::::r; — 

>.p.d conc.„t,. tio „, about I an « 1 tf 

«. lip...... ..„»,.„ „,,„ ..,,„.„ ^ 

""V "*" - - - - ....p.. , z 

e« t „, U. Jipw ... -Uh . ckojwero 

™ p., . . OI of th . ^ 0UpJ , in th# m a ta> ; 

n • 

Contro, Ex . j , p C/P8/CH0t ^ ^ % ^ 

1 . PC/PS/CH0L « Uf r#Uo . lnn 

««~pl. 2 , PC/P8/CH0L MUr f4tlo . , />/2 

"««PI. 3 . PC/PS/CH0L -Ur ,« t ,o . ,/$,, 

E«mpJo 4 , PC/PS/CHOL/Han-CHOL 

Control ... 4 , pc/ sa/C hol .o.ar ratio . 7/J/ , 
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* s • nyd f0 r,enated soyte-r. * 
Cl »t : choj MlBfoJ 

Man-CitOl • - . 

—■^.^.^.^^^ 

trade na««; Choi -aity-m - 

,0J Atc "-««"nan product „, 
Wako Jun'yaku Co. ) J 
SA •• »teary] am i ne 

Exa*pJes I to 6) 2 *»«st 

The distribution of th* >s~. 

01 the liposo.es to the Peyer's oat,* 
investigated by th« 4 « P'tches w„ 

intesti„„ ^ "rethane, the smaij 

intestine ligatured to divide ir i > , 

«ivjoe jt into four oarta w 
length of about 15 Cm , , haVln ' a 

15 c to for. Joops. then 1. 0 ., 0 f a test sol 
or ciispersion (containing 4 .. . , „, 6 _ cp ' "'"^ 

-bout mol ol totaJ CF ' 400 " 9 ° f I— •! red or 

total H Pi ds, wa, injected iB 

9-en period of t>» e , the intestinal tract .a. ta k ' 

the Peyer's nat-**. . ot the tissue of 

y * P,kCh# " and a tissue around the Peyer's na- k , 

Patches, ^re cut and * v (non-Peyer's 

— to the t ti " ^ ^ '~' ~ — — r 
-termed. " ~ — yJ , IcDho| „ 
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9 1 (left > «"d Table j. It 
«»*«Y of 6- CF encapsulated in the pc the 
^er.s patches and P <^POso„,es or P S -i ip08Ofne8 to 

—peso. to the Pcyer , 8 evident that - * of 

-P-d , ith that to h 8i ^ lC ^ i~ as 

that to the non-Peyer's p atches . 



Table 1 



DispersionJ Control 
Example 1 



Tissue 



Payer 's 
patch tissue 
(number of 
times of 
repetition 



Significance 
difference 
(level of 

significance) 



Non-Peyer's 
patch tissue 
(number of 
times of 
repetition) 



Significant 
difference 
(level of 

significance 




Significant 
difference 
was found in 
Example 2 
(H) 



Unit: ng/^xxo-, mean ± standard ^ 
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Test Example 2 

^.t,^ uo „ te . t to the ,.„, 

»"<! no .i,„m c , nt iiH.r.„ c . u „ r . co , nll .,,. 



Tabl* 2 



Dispersion 
Tissue 


Control 
Example 2 


Control 
Example 4 


Free 

phenel red 


liposomes 


Peyer * s 
patch tissue 
(number of 
times of 
repetition 


4. <S 
± 0.55 
(n«2) 


5.27 
± 0.73 
(n»6) 


Non- Peyer 's 
patch tissue 
(number of 
times of 
repetition) 


4.60 
± 0.44 

(no; 


3.77 
± 0.13 
(n-3) 



Unit: rig/nun' x 10"* , 

mean ± standard error 
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Te »t Example 3 

The influence of fK ft ^ 

to ox the amount of ps on n.- . , 

th - — 

"•F^W Th . r .. UJt . ' ' 1 "* 1 • th. t..t 

rewlt. obtain* tw> ho ur , ttttr 

exhibited .„ i„ prov . d d . J" " " 

- *— ■ «- — P ,aZZ . i ,Bl,1C ' nt 




Unit: ng/mm'x 10 ± 



standard error 
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Test Example 4 2052164 
effect lneub . tl0 „ t 

rrrr otth,tMt - 

. th t, lncub . tlon tlM reached = 



Incubation 
time 

Payer's patch 
tissue (number 
of times of 
repetition 



30 min 



14.85 
± 0.95 
(n-ii) 



Table 4 

1 h 



21.81 
± 1.91 
(n-10) 



2 h 



54.60 
± 5.07 
(n-8) 



3 h 



48.61 
± 4.90 
(n-ll) 



Non-Peyer 's 
patch tissue 
(number of 
times of 
repetition) 



13.84 
± 1.19 

(n*ll) 



11.5: 

± 1.35 



12.60 
± 2.07 
(n-6) 



•Significant 
difference 
(level of 
significance) 



6.29 
* 0.99 
(n-5) 



t.s.u. ,„a di . ttil>gtio „ to th . na ,. tttmr ., ^ t *?ll.l" 
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Test ExampJe 5 

-ey« . p, tche8 . tt . rMultj Me ^ 

Test Example 6 

The test d iaper , i0fl . of Ex .„ pJ , , (M . lipopomM) ^ 

5 T ' ble 5 Ueft) - " *• «~ ««t whee th. ™ kran0 . „ P8 

liposomes were furth . t „ odlfi .„ ^ ^ ^ ^ 

—t the C eo f distrlbution t0 lh . „ yer>i ^ w <lsnlflMntiy 

i»cre...d , M thac 41 , trlb(tjM t0 th . non . p#yBr .. p>teh 

significantly decreased. 

The result. ob t e ln .d in cohtro! ,,„,„. 5 wh . r<1 „ th(> pJ _ 

iipo SO «. «a UUa uitl) MnMn d . rlv „ tlv . ... lnj#et<d to9aih<r Mti) 

»n excee, amount of tll . ^ ^ ^ ^ ^ 
— .. deHv.Uve t0 lhe llpwMi) ^ cMttei j>Mpie ^ 
wherem PS-I iposM , a . ^ inei wltl , th> mMnan ^ 
tcether „ lt „ e„p ty , S - lipo . OT ., |f- ^ ^ ^ ^ 
Uhe BMbran9 co »p MUlo „ th e[ 2 

Upide were „«.„, .„ ,„ ^ , ^ ^ ^ $ ( 

» ... p t0 ved th . t th . Upo8M9 , of th> inv<nttoi) ^ 

Pro P e tti .. of . el . ctivoly <li . tcibution to th< ^ ^ ^ 
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tne facts that- j 

at the distribution of the PS lin 
<™nnan derivative to th. p . PS ^Poson,es modified w ith 

«es was not particularly influenced. 



Table S 



Dispersion 



Tissue 



Payer's patch 
tissue (number 
of times of 
repetition 



Example 2 



PS- 

Liposomes 



Example 4 



Control 
Example 5 



niannan 

modified 
PS- 

Liposomes 



Control 
Example 6 



Example 4 
♦ excess 



Example 4 

♦ empty 
ajnount of I ps- 

"annan I Liposomes 




Significance 
diffcr ence 

(level of 

significance) 

Non-Peyer '«t 
patch tissue 
(number of 
times of 
repetition) 



Significance 
difference 
(level of 

significance) 



WUtr ng/mm»xiO'» m fta « + 

, mean ± standard 



error 
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321 rj. 7. 



The embodiments of t-h*» < 

1- Lipxd membrane structures for oral ■ 

y^erine as an ingredient of the membrane. 

2. Lipid membrane structure *f -i • 

tho al com Ponents of 

tno membrane. * 

3. Lipid membrane structures of claim 9 ^ j 

. ° f Claim 2 where in the membrane comprises 

phosphatidylserine in an amount of 5 to c fl , 

ount of 5 to 50 mole % based on the total 

components of the membrane. 

4. Lipid membrane structures of claim i ^ • 

dru, „ surrouodeil wit „ the 
P»o.ph.U< /lBerine .„„ . compM , nt 

rtf . , , " d f rom the 9roup consisting 

•n , mnc substa „ ce aqd a „ icea< . forWo9 sur(t=tan ^ 



5. Lipid 



membrane structures of eluim * w 
lmet¥h . lm 4 Whereln th « component is 

lecithin or sphingomyelin. 

6. Lipid membrane structures of c w 
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8- Lipid membrane structures of claim < ^ 

Jaim * Wherein • ^nnoso derivative 
-n.n defivative i8 incorp0fated in ^ _ fane thor ^ 

»• Upid membrane structure8 Ql claim 4 ft man ^ 

incorporated in the membrane thereof. 

10. Lipid membfane structures Qf ciaim ? ^ 

Privative is selected fro* the g roup consistin, 0 f 

Phosphatidyiethanolamine derivatives havina * M 

u es naving a mannose residue, 

cholesterol derivat i ua. 1,.. 1 

Um haVi ° 9 a Mn " 0 "» residue, dimannosyi 
diglyceride, mannobiose fattv .pm -» 

oso fatty acid esters and amides and phosphatidyl 

mannose. 

11. Lipid »e.br a „e stru=turea ot cjjim , ^ ^ 

«l.=ted ,ro. the „„„„ ee „. 1 , tJll? M p>rti>ijy subMituMa 

with a ,.tty acid .„< mannan ^ 



». "Pid „ eml>ca „ e structures for otaj ad „ lnUtrition ^ 
—.e de.iv.Uve or . „ annan ierivaUve Jncorporate<| ^ ^ 

membrane thereof. 



«r«t co» Pr i S i„, orally adBinl5t , tirl , Uptd mMbrane tructutM ^ 

whiC t*. d, u , i6 contained thBre . n ^ ^ ^^^^^ ^ ^ 
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membrane which ,»„ 203%%(j<\ 
which composes phosphatidy] Serine and a 

fro. the group consists of C ° mP ° nent 

IStlng of an amphiphiJic substance .„ , 
forming surfactant. ""stance am) a nucolle- 

14. A method of cJaim 13 wherein fh 

he component is lecithin ft 
sphingomyelin. Cltflln ° r 



15. A method of cjaim 13 wherein fh 

the lipid »«»nbran e structure 
contains a mannose derivative «r . "uctures 

derivative or a mannan derivative in n>» 
thereof iW in the membrane 
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fT3 
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HI Peycr-s patch 
CZlnon^Peyer's patch P A° ] 



Fig. 1 



Free 
6-CF 




lUo TO Hpo 5 o»e £» yni «- oso ^ 



f'cui/irea liposome 
Ef%t ° f UPi<f ^"'^ - Upt ake of u P , SMM 




PCrCHOL PC; ps- 
7:2 



7m . :< f L w^wT 
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I 

O 



CM 



c 



i 50- 



o 
I 

KO 



=5 



Peye 



r s patch 



A ; Non^Peyer's patch 




F1g. 3 
Liposomes 



Incubation time(hr) 
Effcct of Incubation Time 



on the Uptake of p$- 



I 

o 



5 Oyer's patch 
mon-Peyer's patch 



C 



I 

so 



QJ 



50 



i 




L ~^J— 1 



Duodena ) 



c . terminal 

wmJZ* Di ""«tf.l Uptake of Li D os 0m neU,n 

: ";^^r..mT..,.7-vTT Up0S0mes 0n Oyer's patches 



BAD ORIGINAL 





nannan-modified 
9 5 Eff Ki *''Posome 

" ?J^«-<^ •» th. Uptalce 

SB Oyer's patch 
I 1 non-Peyer' s patch 
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Fig. 6 
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+exess +empty- 
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